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Abstract0DQDJHUV UHTXLUH PHWULFV WR PHDVXUH
RUJDQL]DWLRQDO SHUIRUPDQFH +RZHYHU PHWULFV XVHG E\
RUJDQL]DWLRQV WKDW VXSSRUW WHFKQRORJ\ FOXVWHU GHYHORSPHQW DUH
SRRUO\ XQGHUVWRRG LQ WKH OLWHUDWXUH 7KH PRVW IUHTXHQWO\
UHIHUHQFHG LQGLFDWRU IRU FOXVWHU GHYHORSPHQW LV UHJLRQDO




D SHUIRUPDQFH PHDVXUHPHQW V\VWHP LV DGGUHVVHG 7KLV SDSHU





7KLQNLQJ DERXW EHVW SUDFWLFHV IRU WHFKQRORJ\ FOXVWHU
GHYHORSPHQW KDV FKDQJHG IURP SURYLGLQJ LQFHQWLYHV IRU
ODUJH LQGLYLGXDO ILUPV WR UHORFDWH WRZDUGV IRVWHULQJ DQ
HQYLURQPHQW WKDW KHOSV WHFKQRORJ\ WR HPHUJH DQG GHYHORS
PRUHRUJDQLFDOO\>@>@7HFKQRORJ\FOXVWHUVKDYHORQJEHHQ
DFFHSWHG DV PHFKDQLVPV WR DFKLHYH VXSHULRU HFRQRPLF
SHUIRUPDQFH LQ D UHJLRQ >@  3RUWHU PRGHUQL]HG 0DUVKDOO¶V
HDUO\ZRUNWKDWVWXGLHVLQGXVWULDOFOXVWHUV>@E\GHYHORSLQJD
IUDPHZRUN IRU FRPSHWLWLYH DGYDQWDJH GLDPRQG ZKHUH KH
YDOLGDWHG EXVLQHVV FOXVWHUV DV D PHDQV IRU VXVWDLQDEOH
HFRQRPLF JURZWK >@ 3RUWHU GHILQHV D FOXVWHU DV ³D
JHRJUDSKLFDOO\SUR[LPDWHJURXSRILQWHUFRQQHFWHGFRPSDQLHV
DQG DVVRFLDWHG LQVWLWXWLRQV LQ D SDUWLFXODU ILHOG OLQNHG E\
FRPPRQDOLWLHVDQGFRPSOHPHQWDULHV´>>@SJ@7KURXJKD
ZHDOWK RI ERWK TXDOLWDWLYH >@ >@ >@ >@ DQG TXDQWLWDWLYH
>@ >@ >@ VWXGLHV UHVHDUFKHUV KDYH YDOLGDWHG WKDW




UHJLRQ GHYHORSV LQWR D VXVWDLQDEOH WHFKQRORJ\ FHQWHU
&KDPSLRQVKDYHH[SHULPHQWHGZLWKPDQ\GLIIHUHQW W\SHVRI
RUJDQL]DWLRQDO VWUXFWXUHV DV WKH\ VHDUFK IRU VXSHULRU
FRPSHWLWLYH DGYDQWDJH (IIHFWLYH RUJDQL]DWLRQV KDYH KHOSHG
UHJLRQVGHYHORSLQWRQDWLRQDOO\UHFRJQL]HGWHFKQRORJ\FHQWHUV
>@ >@ >@ +RZHYHU WKHUH LV D JDS LQ WKH VFLHQWLILF
OLWHUDWXUH WKDW GLVFXVVHV KRZ WR PHDVXUH WKH SHUIRUPDQFH RI
WKHVHRUJDQL]DWLRQV
5HVHDUFK 8QLYHUVLWLHV DQG VFLHQFH DQG LQGXVWULDO SDUNV
KDYH EHHQ VXFFHVVIXOO\ XVHG DV RUJDQL]DWLRQDO VWUXFWXUHV WR
WUDQVIHUWHFKQRORJ\DQGVXSSRUWHPHUJLQJWHFKQRORJ\FOXVWHU
GHYHORSPHQW>@>@7\SLFDOO\WKH\DUHOHGE\FKDPSLRQV
IURP WKH XQLYHUVLW\ VHFWRU ZLWK D GHHS LQGXVWULDO QHWZRUN
2QH HDUO\ H[DPSOH ZDV WKH GHYHORSPHQW RI WKH 6WDQIRUG
,QGXVWULDO 3DUN FKDPSLRQHG E\ )UHGHULFN 7HUPDQ >@
+RZHYHU JRYHUQPHQW VWDUWHG ORRNLQJ IRU SUDFWLFDO
RUJDQL]DWLRQDO VWUXFWXUHV >@ >@ WKDW VXSSRUWHG ORFDO
HQWUHSUHQHXUVKLS >@ DQG NQRZOHGJH WUDQVIHU >@ EH\RQG
WKH XQLYHUVLW\ VHFWRU >@ ,QIOXHQFLDO FKDPSLRQV LQVLGH WKH
FOXVWHU KDYH DOVR UHDOL]HG WKDW VXVWDLQLQJ WKH HFRQRPLF
SHUIRUPDQFH RI WKH UHJLRQ UHTXLUHG OHDGHUVKLS RXWVLGH WKH
XQLYHUVLW\ VHFWRU >@ DQG DJUHH WKDW WKH WULSOH KHOL[ RI
JRYHUQPHQW XQLYHUVLW\ DQG LQGXVWU\ PXVW EH ZRUNLQJ
FROODERUDWLYHO\ WR LQFUHDVH NQRZOHGJH WUDQVIHU DORQJ WKH
YDOXHFKDLQ>@>@>@>@
2WKHU UHVHDUFKHUV FULWLFL]H WKH 7ULSOH +HOL[ PRGHO DV
LQDGHTXDWH EHFDXVH LW GRHV QRW FRQVLGHU LQVWLWXWLRQV IRU
FROODERUDWLRQ DQG LQVWLWXWLRQV IRU ILQDQFLQJ >@ $V WKH
HQYLURQPHQWVKLIWVWRZDUGVDNQRZOHGJHHFRQRP\³QHWZRUNV
OLQNLQJ SXEOLF DQG SULYDWH GRPHVWLF UHJLRQDO DQG JOREDO
VHFWRUUHVHDUFKDQGWHFKQRORJLFDOGHYHORSPHQWHQWLWLHV´DUHD
NH\VXFFHVVIDFWRU>>@SJ@,QJHQHUDOPRGHUQUHVHDUFK
ILQGV WKDW HIIHFWLYHRUJDQL]DWLRQVDUH VWUXFWXUHGDV DQRWIRW
SURILWVRFLDOO\QHWZRUNHGHQWLW\ZLWKLQIOXHQWLDOVWDNHKROGHUV
IURPILYHVHJPHQWVDFDGHPLDLQGXVWU\JRYHUQPHQWVXSSRUW
JURXSV IRU FROODERUDWLRQ DQG LQYHVWRU JURXSV >@ >@
7KHUHIRUH RQH FULWLFDO UROH RI WKH VXSSRUW RUJDQL]DWLRQ LV WR
VSDQ WKH ERXQGDULHV RI DFWRUV LQ WKHVH ILYH VHFWRUV WR IRVWHU
WKHWUDQVIHURINQRZOHGJH>@
&KDPSLRQVIURPWKHDFDGHPLFSXEOLFDQGSULYDWHVHFWRUV
FDQ FRQWULEXWH WR WKH HFRQRPLF VXFFHVV RI WKHLU UHJLRQV E\
XQGHUVWDQGLQJ WKH FRPSHWLWLYH VWUHQJWKV DQG FKDOOHQJHV RI
WKHLU UHJLRQV¶ LQGXVWULDO FOXVWHUV :KLOH WKHUH LV H[WHQVLYH
UHVHDUFK H[DPLQLQJ FOXVWHU HFRQRPLF SHUIRUPDQFH >@ >@
>@ RSHUDWLRQDO SHUIRUPDQFH UHTXLUHV H[WHQVLRQ RI WKH
FXUUHQW UHVHDUFK >@ >@ 5HVHDUFK WKDW H[DPLQHV WKH
RUJDQL]DWLRQDO FKDUDFWHULVWLFV RXWFRPH DQG RXWSXW
H[SHFWDWLRQV IURP WKH RUJDQL]DWLRQ DQG GHYHORSV D ZD\ WR
PHDVXUHWKHPLVDFULWLFDOQH[WVWHS
7KH IROORZLQJ SDSHU OD\V WKH JURXQGZRUN IRU LPSURYHG
DSSURDFKHV WR PHDVXUH WKH SHUIRUPDQFH RI RUJDQL]DWLRQV
FUHDWHG WR VXSSRUW WHFKQRORJ\ WUDQVIHU  ,QFOXGLQJ WKLV
LQWURGXFWLRQ WKH SDSHU LV RUJDQL]HG LQ VHFWLRQV6HFWLRQ 
UHYLHZV WKH DFDGHPLF OLWHUDWXUH RQ RUJDQL]DWLRQV VXSSRUWLQJ
WHFKQRORJ\ FOXVWHUV GHILQLWLRQV FRQFHSWV DQG UHOHYDQFH  ,W
VXPPDUL]HVWKHJDSVLQWKHOLWHUDWXUHDQGEULQJVLWXSWRGDWH
6HFWLRQ  RXWOLQHV WKH FRPSOH[LW\ DQG SUREOHPV IRU
GHYHORSLQJ D SHUIRUPDQFH PHDVXUHPHQW V\VWHP IRU D
WHFKQRORJ\ FOXVWHU VXSSRUW LQLWLDWLYHV 6HFWLRQ  SUHVHQWV
RXWSXWV IRU GLIIHUHQW W\SHV RI VWUXFWXUHV LQ WKH WHFKQRORJ\
FOXVWHU HFRV\VWHP ,QFOXGHGDUH WKHRXWSXWVRI ,8&5& W\SH
VWUXFWXUHV SLOODU W\SH VWUXFWXUHV DQG WKH 2UHJRQ VLJQDWXUH
UHVHDUFK FHQWHUV 'DWD GHVFULELQJ RXWFRPHV RXWSXWV DQG
LQGLFDWRUV ZHUH REWDLQHG IURP D VLJQDWXUH UHVHDUFK FHQWHU
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WKURXJKH[SHUWLQWHUYLHZVDQGH[DPLQDWLRQRILQWHUQDOUHSRUWV
6HFWLRQ  FRPSDUHV RXWSXWV XVHG E\ WKH GLIIHUHQW
RUJDQL]DWLRQDO VWUXFWXUHV LQYROYHG LQ UHVHDUFKEDVHG
HFRV\VWHPV VXPPDUL]HV WKH GLVFXVVLRQ OD\LQJ WKH






:KLOH WKH WHUP ³WHFKQRORJ\ FHQWHU´ LV VWLOO JDLQLQJ
GHILQLWLRQDOFRQVHQVXV LQ WKHDFDGHPLF OLWHUDWXUH WHFKQRORJ\
FHQWHUV KDYH EHHQ XVHG DV VWUXFWXUHV IRU NQRZOHGJH DQG
WHFKQRORJ\ WUDQVIHU IRU GHFDGHV 8QIRUWXQDWHO\ LW KDV EHHQ
XVHG VRPHZKDW DV DQ XPEUHOOD WHUP LQ GLIIHUHQW GRPDLQV
ZKLFKPD\DGGFRQIXVLRQWRWKHGHILQLWLRQDOGHEDWH,QRUGHU
WR FODULI\ D ZRUNLQJ GHILQLWLRQ WKH OLWHUDWXUH RQ WHFKQRORJ\
FHQWHUVZDVJURXSHGE\GRPDLQ LQWR LQWHUQDWLRQDOQDWLRQDO
DQGUHJLRQDOXVHRIWKHWHUP
,QWHUQDWLRQDOO\ WKH WHUP KDV EHHQ XVHG WR GHVFULEH
LQVWLWXWLRQV VXFK DV (QWUHSUHQHXU 5HVHDUFK &HQWHUV >@
QDWLRQDO UHVHDUFK FHQWHUV LQ 7KDLODQG VXFK DV WKH 1DWLRQDO
0HWDO DQG 0DWHULDOV 7HFKQRORJ\ &HQWHU 07(& >@
NQRZOHGJH FHQWHUV LQ (XURSH >@ WKH 9&, 7HFKQRORJ\
&HQWHU LQ*HUPDQ\ >@ RU6FLHQFH DQG 7HFKQRORJ\ FHQWHUV
LQ ,QGLD ,QWHUQDWLRQDOO\ WHFKQRORJ\ FHQWHUV FDQ DOVR EH
RUJDQL]DWLRQV VSHFLILFDOO\ GHYHORSHG WR VXSSRUW D VSHFLILF
WHFKQRORJ\FOXVWHU VXFKDV WKH6HQVRU7HFKQRORJ\&HQWHU LQ
'HQPDUN>@
$W WKH 86 QDWLRQDO OHYHO UHVHDUFKHUV RIWHQ XVH
³WHFKQRORJ\ FHQWHU´ WR GHVFULEH D 1DWLRQDO 6FLHQFH
)RXQGDWLRQ 16) ,QGXVWU\8QLYHUVLW\ &ROODERUDWLYH
5HVHDUFK &HQWHU ,8&5& (QJLQHHULQJ 5HVHDUFK &HQWHU
(5&>@RU6FLHQFHDQG7HFKQRORJ\&HQWHU67&>@
5HVHDUFKHUV FRQFHUQHG DERXW UHJLRQDO HFRQRPLF DQG
WHFKQRORJ\ FOXVWHU GHYHORSPHQW ZLOO UHIHU WR D WHFKQRORJ\
FHQWHU DV HLWKHU D JHRJUDSKLF UHJLRQ NQRZQ IRU  WHFKQRORJ\
VXFK DV ³6LOLFRQ 9DOOH\¶V UROH DV WKH GRPLQDQW WHFKQRORJ\




WKH OLWHUDWXUH KDV XVHG WKH WHUP ³WHFKQRORJ\ FHQWHU´ DV D
JHQHUDO V\QRQ\P IRU DQ RUJDQL]DWLRQDO VWUXFWXUH VXFK DV DQ




$ WHFKQRORJ\ FOXVWHU FDQ HPHUJH LQ DQ\ UHJLRQ WKDW KDV
HFRQRPLFDFWLYLW\DWWULEXWHGWRWHFKQRORJ\ZKHWKHURUQRWWKH
DFWRUVDUHZRUNLQJWRJHWKHUWREHQHILWWKHGHYHORSPHQWRIWKH
FOXVWHU DV D ZKROH >@ 7\SHV RI FOXVWHUV ZLWK SULPDULO\
LQGHSHQGHQW DFWRUV DUH FRPPRQO\ UHIHUUHG WR DV




VXVWDLQHG E\ ,QWHO DQG 7HNWURQL[ ZKR DUH LQGHSHQGHQW
FRPSDQLHVLQWKHFOXVWHU
'LIIHUHQW RUJDQL]DWLRQDO VWUXFWXUHV DUH XVHG WR GHYHORS
GLIIHUHQW W\SHV RI WHFKQRORJLHV DV D FOXVWHU GHYHORSV DQG
PDWXUHV WRZDUGV EHFRPLQJ D WHFKQRORJ\ FHQWHU >@ >@
:KLOHOLWHUDWXUHVKRZVWKDW,8VWUXFWXUHVDUHLQVWUXPHQWDOLQ
WKH HPHUJLQJ SKDVH RI WHFKQRORJ\ FOXVWHUV EDVLF UHVHDUFK
VRPHWLPHV VXIIHUV DW WKH H[SHQVH RI FRPPHUFLDOL]DWLRQ
DFWLYLWLHV >@  7KLV FRXOG EH RQH UHDVRQ ZK\ PDQ\ RI
WRGD\¶V WHFKQRORJ\ FHQWHUV WKDW ZHUH LQLWLDOO\ VXSSRUWHG E\
XQLYHUVLW\ UHVHDUFK FHQWHUV VFLHQFH SDUNV RU RWKHU
RUJDQL]DWLRQV DUH FXUUHQWO\ EHLQJ VXSSRUWHG E\ D SLOODU
RUJDQL]DWLRQDO VWUXFWXUHV7KH\ VLPSO\RXWJUHZ WKHP3RUWHU
>@ DQG RWKHU UHVHDUFKHUV >@ >@ >@ >@ VXSSRUW WKLV
LGHDDVWKH\DUJXHWRH[WHQGEH\RQGWKH7ULSOH+HOL[SLOODUVWR
LQFOXGH DFWRUV LQ RWKHU VHFWRUV VXFK DV LQVWLWXWLRQV IRU
FROODERUDWLRQ,)&VDQGLQVWLWXWLRQVIRUILQDQFH,))V>@
7DEOH  VKRZV WKH FXUUHQW RUJDQL]DWLRQDO VWUXFWXUH RI
VRPH ZHOO NQRZQ WHFKQRORJ\ FHQWHUV DV WKH OHDGLQJ VXSSRUW
RUJDQL]DWLRQ H[SDQGHG EH\RQG WKH ,8 UHODWLRQVKLS 6HYHUDO
RUJDQLFDOO\ GHYHORSHG WKURXJK D QHWZRUN RI FKDPSLRQ OHG
VXSSRUW RUJDQL]DWLRQV >@ IRU PDQ\ \HDUV >@ EHIRUH
HYROYLQJ IURP DQ LQIRUPDO RUJDQL]DWLRQ WR D VRFLDO QHWZRUN











































6DQ'LHJR &211(&7  F7UDGH2UJDQL]DWLRQ $GYDQFHGGHIHQVHOLIHVFLHQFHV

$WHFKQRORJ\FHQWHULVDJHRJUDSKLFUHJLRQNQRZQIRU
VXSHULRU H[SHUWLVH LQ FRPPHUFLDOL]DWLRQ DQG
GHYHORSPHQWRIDSDUWLFXODUWHFKQRORJ\
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5HVHDUFK KDV IRXQG WKDW WHFKQRORJ\ FOXVWHUV KDYH
GHYHORSHGIDVWHUDQGZLWKJUHDWHULPSDFWWKURXJKGHWHUPLQHG
UHJLRQDO OHDGHUVKLS DFWLRQ >@ >@ DQG VXVWDLQDEOH
LQLWLDWLYHV >@ ,QWHQWLRQDOO\ FRQVWUXFWHG RUJDQL]DWLRQV VXFK
DV LQGXVWULDO SDUNV DQG LQFXEDWRUV DUH JHQHUDOO\ YLHZHG DV
HIIHFWLYHVWUXFWXUHVWRGHYHORSHPHUJLQJWHFKQRORJ\FOXVWHUV
EXW QRW IRU VXVWDLQDELOLW\ 7KH\ DUH OLPLWHG EHFDXVH WKH\
RULJLQDWHGWKURXJKSROLF\PHFKDQLVPVZLWKVSHFLILFDOO\VWDWHG
REMHFWLYHV
5HVHDUFK VKRZV WKDW WKH RUJDQL]DWLRQDO VWUXFWXUH PXVW
JURZ WR LQFOXGH D EURDG QHWZRUN RI FKDPSLRQV IRU WKH
UHJLRQDO WHFKQRORJ\ FOXVWHU WR GHYHORS LQWR D QDWLRQDOO\
UHFRJQL]HG FHQWHU RI H[FHOOHQFH >@ )HOG FRQVLGHUV WKDW D
FULWLFDO PDVV RI HQWUHSUHQHXUV WR SURYLGH OHDGHUVKLS LV RIWHQ
OHVV WKDQ WZHOYH DQG WKHVH OHDGHUV GR QRW FRPH IURP WKH
JRYHUQPHQW VHFWRU >@ 2WKHU UHVHDUFKHUV XVLQJ VRFLDO
QHWZRUN DQDO\VLV 61$ UHVHDUFK PHWKRGV ³ILQG HPSLULFDO
VXSSRUWIRU)HOG¶VZRUN´DQG³WKDWHQWUHSUHQHXUVDUHOHDGLQJ´
WKH WHFKQRORJ\ FOXVWHUV >@ S  (YHQ WKH 6LOLFRQ 9DOOH\
IROORZV WKLV SDWWHUQ E\ H[SDQGLQJ EH\RQG D UHVHDUFK
XQLYHUVLW\ WR D UHVHDUFK SDUN WR D YHQWXUH FRUSRUDWLRQ WR D
QRQSURILW DGYRFDF\ JURXS ZLWK UHSUHVHQWDWLRQ IURP WKH 
SLOODUV $QRWKHU H[DPSOH LV &211(&7 $VVRFLDWLRQ UH
IRUPHGDVDFRUJDQL]DWLRQWRVXSSRUWVXVWDLQDEOHJURZWK
RI WKH 6DQ 'LHJR OLIH VFLHQFHV WHFKQRORJ\ FHQWHU 7DEOH 
KLJKOLJKWV RUJDQL]DWLRQDO FKDQJHV DV GLIIHUHQW WHFKQRORJ\
FOXVWHUVGHYHORSHGLQWRZHOONQRZQWHFKQRORJ\FHQWHUV
$ VWURQJ FKDPSLRQ JRGIDWKHUJRGPRWKHU LV FULWLFDO WR








PXVW JURZ EH\RQG WKH ,8 VHFWRUV DQG LQLWLDO JRGIDWKHU WKH
6LOLFRQ9DOOH\/HDGHUVKLS*URXSZDVIRUPHGWRVXSSRUWDQG
OHDG GHYHORSPHQW RI WKH WHFKQRORJ\ FHQWHU RI WKH 6LOLFRQ
9DOOH\UHJLRQ>@
7KH WHFKQRORSROLV RI $XVWLQ 7H[DV DOVR IROORZV WKLV
SDWWHUQ 7KH 8QLYHUVLW\ RI 7H[DV LQ $XVWLQ 7H[DV ZDV WKH
QH[XV WR IRVWHU HPHUJLQJ WHFKQRORJ\ >@ $ WHFKQRORJ\
FOXVWHUEHJDQWRGHYHORSIXUWKHULQWKHUHJLRQDV.R]PHWVN\
DVWURQJFKDPSLRQDQGUHFRJQL]HGJRGIDWKHUVWHSSHGIRUZDUG
ZLWK WKHDELOLW\ WR OLQNGLIIHUHQW VHJPHQWV >@7KURXJKKLV
IRUPDWLRQ DQG OHDGHUVKLS RI WKH &UHDWLYLW\ DQG &DSLWDO
,QVWLWXWH 荊系態 FKDPSLRQV DQG LQYHVWRUV ZHUH UHFUXLWHG WR
IRUP D QHWZRUN RI LQIOXHQFHUV >@ 7RGD\ $XVWLQ
7HFKQRORJ\ ,QFXEDWRU VXSSRUWV HPHUJLQJ WHFKQRORJLHV DQG
WKH IRUPDWLRQ RI QHZ QHWZRUNV WR VXVWDLQ WKH WHFKQRORJ\
FHQWHU )RU H[DPSOH WKH $XVWLQ :LUHOHVV $OOLDQFH $:$
ZDV IRUPHG DV D QRQSURILW RUJDQL]DWLRQ ZLWK SULPDU\
VWDNHKROGHUV IURP EXVLQHVV DFDGHPLF WKH FRPPXQLW\ DQG
JRYHUQPHQW VHFWRUV WR VXSSRUW DQG GHYHORS D ZLUHOHVV
WHFKQRORJ\FOXVWHU>@
([SDQGLQJ XSRQ D IUDPHZRUN ILUVW SUHVHQWHG E\ *LEVRQ
DQG&RQFHLoDR >@ ILJXUH VKRZVKRZFKDPSLRQV DUH WKH
QH[XV RI D SLOODU VRFLDOO\ QHWZRUNHG VWUXFWXUH ,Q JHQHUDO
WKHVH RUJDQL]DWLRQV DUH VWUXFWXUHG DV QRWIRUSURILW SXEOLF
SULYDWH HQWLWLHV >@ OHG E\ PXOWLSOH HQWUHSUHQHXULDO





:LWK DOO WKLV FRPSOH[LW\ZKDW LQGLFDWRUV VKRXOGEHXVHG
WRPHDVXUHDQGFRPSDUHSHUIRUPDQFH"$QGKRZLVVXSHULRU
SHUIRUPDQFHEHLQJHYDOXDWHGWRGD\"7KURXJKDVHDUFKRIWKH
VFLHQWLILF OLWHUDWXUH PXOWLSOH VWXGLHV ZHUH IRXQG WKDW
HYDOXDWHG WKH SHUIRUPDQFH RI WHFKQRORJ\ FHQWHUV DQG DFWRUV










&KDUDFWHULVWLF 7RSGRZQ %RWWRPXS 7RSGRZQ%RWWRPXS
5HVHDUFK4XHVWLRQ +RZ0XFK" :K\DQG+RZ" :KLFK2QH"
$SSURDFK 4XDQWLWDWLYH 4XDOLWDWLYH 4XDOLWDWLYH4XDQWLILFDWLRQ





















>@ >@ >@ >@ >@ >@ DQG WKH LPSRUWDQFH RI
LGHQWLI\LQJ DQG GHYHORSLQJ LQLWLDWLYHV >@ >@ >@
(PSLULFDO WRSGRZQ VWXGLHV DUH RIWHQ XVHG WR FRPSDUH WKH
SHUIRUPDQFH RI UHJLRQDO WHFKQRORJ\ FOXVWHUV IRU MREV DQG
HFRQRPLF SHUIRUPDQFH DW WKH PDFUR OHYHO &XUUHQW VWXGLHV
W\SLFDOO\XVHLQSXWRXWSXWPRGHOVZLWKGDWDIRXQGLQDFHQWUDO
GDWDEDVH DW WKH FOXVWHU PDSSLQJ SURMHFW ZHEVLWH
ZZZFOXVWHUPDSSLQJXV7KHVHDUHODJJLQJLQGLFDWRUVDQGQRW
KHOSIXO WR XQGHUVWDQG WKH LQQHU G\QDPLFV DQG JHQHUDWLRQ RI
RXWSXWV WKDW FRQWULEXWH WR WKH FOXVWHU RXWFRPH RI MREV DQG
HFRQRPLFDFWLYLW\LQFUHDVH
6R UHVHDUFKHUV KDYH VWXGLHG WKH SHUIRUPDQFH DQG
LQQRYDWLRQ LQ LQGXVWU\ >@ RI 86 $FDGHPLF 5HVHDUFK
FHQWHUV >@ DQG WHFKQRORJ\ FRPPHUFLDOL]DWLRQ FHQWHUV >@
DW WKH PLFUR OHYHO DQG FOXVWHU RXWSXW DW WKH PDFUR OHYHO
/LWHUDWXUHUHFRJQL]HV WKH³PLVVLQJPLGGOH´>@EHWZHHQWKH
PLFUR DFWRU OHYHO DQG WKH PDFUR UHJLRQDO FOXVWHU OHYHO
SODFLQJ D FDOOWRDUPV IRU PRUH UHVHDUFK WR H[DPLQH WKH
HIILFLHQF\DQGLPSDFWRIDFWLYLWLHVDQGIXQFWLRQVWKDWPDNHXS
WKHFOXVWHU>@>@>@>@>@>@>@>@QHWZRUN
G\QDPLFV ZLWKLQ WKH FOXVWHU >@ DQG VXFFHVV IDFWRUV DQG
SHUIRUPDQFHPHDVXUHVRIWKHRUJDQL]DWLRQVWKDWVXSSRUWWKHP
>@>@(YHQ3RUWHU>@KDVFDOOHGIRUPRUHUHVHDUFKDERXW
WKH LPSDFW RI FOXVWHU FRPSRVLWLRQ RQ UHJLRQDO HFRQRPLF
SHUIRUPDQFHDQGVXFFHVVIDFWRUVIRUVXVWDLQDELOLW\
$JUHHLQJ ZLWK UHVHDUFKHUV ZKR UHFRJQL]H WKLV JDS >@
>@ >@ )UHHPDQ DQG 6RHWH FRQFOXGH ³UHVHDUFK RQ 67,
LQGLFDWRUV DSSHDUV WRGD\ DV FKDOOHQJLQJ DV HYHU´ >>@ SJ
@$UHFHQWH[WHQVLYHUHVHDUFKVWXG\SURYLGHVWHVWLPRQ\
IURP PXOWLSOH H[SHUWV ZKR DJUHH WKDW ³LGHQWLI\LQJ D VHW RI




D FRPSOH[ HFRV\VWHP >@ QRW D ³WULYLDO PDFKLQH ZLWK D
GHILQHG LQSXWRXWSXW UDWLR´ >@ $WWHPSWLQJ WR ³XQGHUVWDQG
WKH QDWXUH RI DQ HFRV\VWHP´ ZLWK D ³GHILQHG LQSXWRXWSXW
UDWLR´  LV LQDGHTXDWH DQG ³PD\ ZHOO OHDG WR DEVXUG UHVXOWV´
>@ 2WKHU UHVHDUFKHUV DJUHH WKDW LW LV EHWWHU WR PHDVXUH




2015 Proceedings of PICMET '15: Management of the Technology Age
3KDQ RQO\ XVHG RXWSXW LQGLFDWRUV LQ KLV UHVHDUFK DERXW
LQQRYDWLRQ PHDVXUHPHQWV RI KLJKWHFK VHPLFRQGXFWRU
FRPSDQLHV IRU VLPLODU UHDVRQV 7KURXJK KLV XVH RI H[SHUW
SDQHOV KH ZDV DEOH WR H[WUDFW WKHLU MXGJPHQW WR HYDOXDWH
RXWSXW LQGLFDWRUV LQ D KLHUDUFKLFDO GHFLVLRQ PRGHO KH










ZHUH FODVVLILHG E\ WKH SLOODUV DV VKRZQ LQ ILJXUH  7KH
LQLWLDWLYHLVVXVWDLQDEOHRQO\LILWGHOLYHUVWKHULJKWYDOXHWRWKH
ULJKWVWDNHKROGHU
6R WKH WRSGRZQ UHVHDUFK GRHV QRW KHOS EHFDXVH WKH
SUREOHP LV WRR VXEMHFWLYH WR EH PHDVXUHG E\ D OLQHDU LQSXW
RXWSXWPRGHO6RPHUHVHDUFKHUVKDYHIRXQGSURPLVLQJUHVXOWV
XVLQJ RXWSXW LQGLFDWRUV  +RZHYHU LQ D UHFHQW VXUYH\
UHVSRQGLQJ H[SHUWV JHQHUDOO\ YLHZHG ³FRPPRQO\ XVHG
UHVHDUFKFRPPHUFLDOL]DWLRQPHWULFVDVXQUHOLDEOHLQGLFDWRUVRI
ORQJWHUP FDSDELOLW\ WR VXSSRUW RU GHYHORS D YLEUDQW
LQQRYDWLRQHFRV\VWHP´>>@SL@6RPDQ\DUHTXHVWLRQLQJLI
WKHRXWSXWPHWULFVEHLQJXVHGDUHHYHQWKHULJKWRQHV6HYHUDO
UHDVRQVVXSSRUWLQJWKHVHILQGLQJVLQFOXGHx 3HUIRUPDQFH RI WKH V\VWHP LV EDVHG PRUH RQ NQRZOHGJH
WUDQVIHUDQGIORZUDWKHUWKDQRQHIILFLHQWXVHRILQSXWVWR
SURYLGHPRUHRXWSXWVVXFKDVPDNLQJSHRSOHZRUNIDVWHUx ,Q D OLQHDU UHODWLRQVKLS DFWRUV FDQ FRQWURO WKH LQSXWV
LPSDFWLQJ WKH UHVXOWV RI WKH SHUIRUPDQFH PHDVXUHPHQW
V\VWHP
x 6XFFHVV KLQJHV RQ WKH HPHUJHQFH RI D
JRGIDWKHUJRGPRWKHU >@ WR OHDG DQGGHYHORS DQHWZRUN
RI LQIOXHQFHUV 6XVWDLQLQJ DQ LQLWLDWLYH LV GLIILFXOW
UHTXLULQJ H[SHUW OHDGHUVKLS DELOLW\ DQG DQ DGDSWLYH DQG
LWHUDWLYHDSSURDFK,WWDNHVDUWVNLOODQGSROLWLFDOLQIOXHQFH
WR EXLOG D WLJKW QHWZRUN RI GLYHUVH FKDPSLRQV 7KH
QHWZRUN PXVW EH IOH[LEOH HQRXJK WR LQWHJUDWH PXOWLSOH
JRGIDWKHUVJRGPRWKHUVx 7KHPDQ\GLIIHUHQWVWDNHKROGHUVYDOXHGLIIHUHQWRXWFRPHV
DQGREMHFWLYHVx ,QLWLDWLYHVQHHGWREHVXSSRUWHGDQGWDNHWLPH$XWKRULWLHV
PXVW EH ZLOOLQJ WR PDNH ORQJWHUP FRPPLWPHQWV >@
7KHUHDUHFRQVLGHUDEOH WLPH ODJV WKDWVHSDUDWHSURGXFWLYH
RXWSXWV IURP WKH UHVRXUFH LQSXWV IXUWKHU FRPSOLFDWLQJ D





7KH EHQHILWV RI D SHUIRUPDQFH PHDVXUHPHQW V\VWHP DUH
SOHQWLIXO &KDPSLRQV OHDGLQJ WKH RUJDQL]DWLRQDO LQLWLDWLYHV
QHHG SHUIRUPDQFH PHDVXUHV WR PDNH GHFLVLRQV ,W LV DOVR
LPSRUWDQW IRU WKH PXOWLSOH VWDNHKROGHUV WR XQGHUVWDQG WKH
RUJDQL]DWLRQ¶VYDOXHSURSRVLWLRQDQGSHUIRUPDQFHDJDLQVWWKDW
SURSRVLWLRQWREXLOGWUXVWDQGUHPDLQHQJDJHGLQWKHQHWZRUN











DJHQFLHV DFDGHPLF OHDGHUVKLS DQG LQGXVWU\ PXVW PDQDJH
WKHLU SRUWIROLRV LQ DQ REMHFWLYH HYLGHQFHEDVHG PDQQHU WR
DGGUHVV VFLHQFH DQG WHFKQRORJ\ SULRULWLHV RI RXU QDWLRQ DQG
LQFUHDVH WKH SURGXFWLYLW\ RI RXU UHVHDUFK LQVWLWXWLRQV  $V
GLVFXVVHG WKLV LV HDVLHU VDLG WKDQ GRQH 3HUKDSV WKH PRVW
IRUPDO ZHOOIXQGHG DQG VWUXFWXUHG SURJUDP LV WKH RQH
HVWDEOLVKHG WR HYDOXDWH WKH SHUIRUPDQFH RI DQ 16) ,8&5&
>@
7KHUH DUH WKUHH W\SHV RI RXWSXWV RI ,8&5&V UHVHDUFK
KXPDQ DQG VRFLDO 5HVHDUFK RXWSXWV FDQ EH FODVVLILHG LQWR
SXEOLFDWLRQVSUHVHQWDWLRQVUHSRUWV,3DQGFRPPHUFLDOL]DWLRQ
HYHQWV +XPDQ RXWSXWV LQFOXGH LQFUHDVLQJO\ VNLOOHG
UHVHDUFKHUV DQG PDQDJHUV DV ZHOO DV D JURZLQJ QXPEHU RI
PHPEHUV 6RFLDO FDSLWDO RXWSXWV VKRZ ERQGV EULGJHV DQG





SHUIRUPDQFH OLWHUDWXUH LGHQWLILHG IRXU REMHFWLYHV VFLHQWLILF
SUHHPLQHQFH>@ >@ >@ QHZ WHFKQRORJ\
FRPPHUFLDOL]DWLRQ>@>@>@HQWUHSUHQHXUVKLS>@>@
>@ >@ >@ >@ DQG LQWHOOHFWXDO DQG VRFLDO FDSLWDO >@
>@ >@ >@ >@ >@ 7KHUH ZHUH PDQ\ DGGLWLRQDO
FRQFHSWV DGGLQJPRUH FRPSOH[LW\ WR WKH V\QWKHVLV LQFOXGLQJ
LGHDV RI FRRSHUDWLYH FRPSHWLWLRQ KXPDQ FDSLWDO LQFUHDVHV
>@ >@ NQRZOHGJH DQG LQQRYDWLRQ FRQGXLWV >@ VRFLDO
QHWZRUN VWUXFWXUHRSWLPL]DWLRQ >@ VRFLDO FDSLWDO HIILFLHQW
PRELOH DQG DGDSWLYH VRFLDO QHWZRUNV >@ LQFUHDVLQJO\
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7KH VWDWH RI 2UHJRQ LV FXUUHQWO\ H[SHULPHQWLQJ ZLWK
GLIIHUHQW RUJDQL]DWLRQDO VWUXFWXUHV WR VXSSRUW WHFKQRORJ\
FOXVWHUGHYHORSPHQW$IWHUWKHVWDWHRI2UHJRQLGHQWLILHGWKH
WHFKQRORJ\ LQGXVWU\ DV ZDUUDQWLQJ FOXVWHU GHYHORSPHQW DQG
VXSSRUW >@DSXEOLFSULYDWHSDUWQHUVKLSZDV IRUPHGDV WKH
2UHJRQ ,QQRYDWLRQ &RXQFLO 2UHJRQ ,Q&  7KH PLVVLRQ RI
WKLV RUJDQL]DWLRQ LV WR ³FUHDWH LQQRYDWLRQ LQWR WKH '1$ RI
KRZ2UHJRQGRHVEXVLQHVV´>@$VDUHVXOWWKUHHLQLWLDWLYHV
ZHUH ODXQFKHG RYHU D WHQ \HDU SHULRG DQG VWUXFWXUHG DV
VLJQDWXUH UHVHDUFK FHQWHUV 65&V 7KH 65&V ZHUH
LQWHQWLRQDOO\FUHDWHGWRLQFUHDVHFROODERUDWLRQDPRQJVWILYHRI





7KURXJK LQWHUYLHZV ZLWK H[SHUWV DQG HYDOXDWLRQ RI
LQWHUQDO GRFXPHQWDWLRQ LW ZDV IRXQG WKDW WKH VLJQDWXUH
UHVHDUFK FHQWHUV DUH QRW DV FRQFHUQHG ZLWK EDVLF UHVHDUFK
RXWSXWV DV PXFK DV WKH\ DUH ZLWK DSSOLHG UHVHDUFK DQG
FRPPHUFLDOL]DWLRQ RXWSXWV  7KH PHDVXUHV DUH GHSLFWHG LQ
WDEOH2QO\ WKH VRFLDOFDSLWDORXWSXWV LGHQWLILHGE\ WKH ,8
W\SH VWUXFWXUH LQ WKH XQLYHUVLW\ EDVHG HFRV\VWHP DFWXDOO\

















7KH WHFKQRORJ\ FOXVWHU HFRV\VWHP LV FRPSOH[ DQG ILOOHG
ZLWK XQFHUWDLQW\ ZLWK D ODUJH UDQJH RI LQLWLDWLYHV WR VXSSRUW
GLIIHUHQW VWDNHKROGHU QHHGV 'LIIHUHQW OHDGHUVKLS VNLOOV DQG
VWUXFWXUHVDUH UHTXLUHGDV DFOXVWHUPDWXUHV LQWRDQDWLRQDOO\
UHFRJQL]HG WHFKQRORJ\ FHQWHU  :KLOH D WHFKQRORJ\ FOXVWHU
FDQ RUJDQLFDOO\ HPHUJH DQG GHYHORS ZLWKRXW RUJDQL]HG
OHDGHUVKLS HFRQRPLF VXVWDLQDELOLW\ LV ULVN\ EHFDXVH LW LV
GHSHQGHQWRQ LQGHSHQGHQW DFWRUV7KHVH W\SHRI FOXVWHUV DUH




WKH XQLYHUVLW\  7UDQVIHU RI WHFKQRORJ\ KDV EHHQ VKRZQ WR
LQFUHDVH WKURXJK LQGXVWU\XQLYHUVLW\ FROODERUDWLRQ 'LIIHUHQW
VWUXFWXUHV VXFK DV UHVHDUFK SDUNV LQFXEDWRUV DFFHOHUDWRUV
VLJQDWXUH UHVHDUFK FHQWHUV DQG VKDUHG ODEV KDYH DOO EHHQ
HIIHFWLYH DW LQFUHDVLQJ NQRZOHGJH DQG WHFKQRORJ\ WUDQVIHU
,GHDOO\ D JRGIDWKHU ZLOO LQLWLDOO\ HPHUJH IURP DFDGHPLD RU
LQGXVWU\ ZLWK WKH DELOLW\ WR EXLOG D QHWZRUN RI RWKHU
LQIOXHQFHUV LQWRD OHDGHUVKLSRUJDQL]DWLRQ7KHQ WKHSURFHVV
JHWVOHVVFOHDU
7KURXJK IRUPDOO\ RUJDQL]LQJ WKHVH OHDGHUV PXVW WKHQ
VXSSRUW D YDULHW\ RI ORQJ WHUP HQWUHSUHQHXULDO GHYHORSPHQW
DFWLYLWLHV:KLOH WKHUH LVJHQHUDOFRQVHQVXV WKDWD OHDGHUVKLS
QHWZRUNLVQHFHVVDU\WRROVDQGDSSURDFKHVDUHQRWVXIILFLHQW
WRVWXG\WKHSHUIRUPDQFHRIWKHVHLQLWLDWLYHV,PSOHPHQWLQJD
QHZ LQLWLDWLYH FDQ EH ULVN\ DQG H[SHQVLYH 7KH RXWSXWV
LQGLFDWRUV DQG DSSURDFKHV WR PHDVXUH WKH SHUIRUPDQFH RI
WKHVHLQLWLDWLYHVDUHPLVVLQJLQWKHOLWHUDWXUH
7KH16)¶V,8&5&KDVGHPRQVWUDWHGDUHSHDWDEOHPRGHO
IRU LQFUHDVLQJ UHVHDUFK DQG WHFKQRORJ\ WUDQVIHU WR LQGXVWU\
PHPEHUV (YDOXDWRUV KDYH XVHG RXWSXWV WR HYDOXDWH WKH
SHUIRUPDQFHRIGLIIHUHQW FHQWHUV +RZHYHU UHVHDUFKHUV DQG
16) SURJUDP HYDOXDWRUV KDYH LGHQWLILHG JDSV WR PHDVXUH
VRFLDOQHWZRUNRXWSXWV7KHVHW\SHVRIRXWSXWVZHUHFRPPRQ
ZLWK WKH W\SHV RI RXWSXWV LGHQWLILHG IRU WHFKQRORJ\ FOXVWHU
LQLWLDWLYH RXWSXWV %HFDXVH WKH ,8&5& VWUXFWXUH RQO\
FRPSULVHV D VXEVHW RI WKH WHFKQRORJ\ FOXVWHU HFRV\VWHP DQG
WKH VLPLODU RXWSXWV DUH SRRUO\ XQGHUVWRRG LW PDNHV VHQVH
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